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Study): study protocol for a randomized
controlled trial
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Abstract
Background: Pregnant women with depression and/or anxiety prior to pregnancy are at higher risk of preterm
birth, breastfeeding problems, postpartum depression, and disruption of the mother-infant attachment. It is well
documented that exercise improves psychological well-being in nonpregnant subjects with symptoms of
depression. However, in only a few small studies have researchers examined the effect of exercise on symptoms of
depression among pregnant women. We hypothesize that physiotherapist-supervised group exercise for pregnant
women at risk of antenatal depression increases their psychological well-being. This paper describes the study
protocol of a randomized controlled trial (RCT) on a supervised group exercise intervention for pregnant women
with a current or previous history of depression and/or anxiety.
Methods/design: The RCT is being carried out at the Department of Obstetrics, Rigshospitalet, Copenhagen
University Hospital, in the period 2016–2019. The inclusion criteria are pregnant women ≥18 years of age with
depression and/or anxiety requiring treatment by a psychiatrist or a psychologist within the last 10 years and/or
intake of antidepressants in the 3 months prior to conception and/or during pregnancy. The women must
have appropriate Danish language skills, be pregnant with a single fetus, give written informed consent, and
be at 17–22 gestational weeks when the intervention begins. The primary outcome is psychological well-being
(the five-item World Health Organization Well-being Index). Secondary outcomes are symptoms of depression
(Edinburgh Postnatal Depression Scale), functional ability (General Health Questionnaire), clinical symptoms of
anxiety (State-Trait Anxiety Inventory), sleep quality and sleep disturbances (Pittsburgh Sleep Quality Index), and
pregnancy and delivery outcomes. The intervention is supervised group exercise twice weekly for 12 weeks. The
control group will receive standard antenatal care. On the basis of sample size calculation, a total of 300 women
will be randomly assigned to either the intervention or the control group in a ratio of 1:1.
Discussion: The trial is expected to contribute to the body of knowledge used in planning antenatal care for
pregnant women at risk of depression.
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Background
Mental illness affects individuals’ functioning, resulting in
emotional suffering and reduced quality of life for the
affected persons as well as social and economic conse-
quences for society [1]. A reduction in mental illness is of
great importance for public health [2], and the World
Health Organization (WHO) has emphasized this by
giving greater attention to the prevention of mental illness
and the promotion of mental health in health care systems
[1]. Among other initiatives, the WHO has taken an initia-
tive to unite knowledge and forces across national borders
to reach consensus regarding which activities would be
appropriate to increasing the quality of mental health care,
including specific steps to be taken [1].
Maternal depression and anxiety are the most com-
mon psychiatric disorders during pregnancy and in the
postpartum period [3]. A systematic review based on 28
studies done in a wide range of developed countries esti-
mated the prevalence of antenatal depression to range
from 6.5% to 12.9% and the prevalence of depression
during the first 3 months postpartum to be up to 19%
[4]. Antenatal anxiety is reported in 4% to 39% of all
pregnant women and in up to 16% of all women in the
postpartum period [5].
The consequences of depression and anxiety in the
antenatal and postnatal period are extensive [6–13].
Women with antenatal depression have an increased risk
of preterm birth [6] and postpartum depression [7], as
well as a lesser likelihood of breastfeeding initiation [6].
Antenatal and postnatal depression is associated with
disruption of the mother-infant relationship [8, 9], devel-
opmental delays in childhood [10], and behavior problems
such as low adaptive functioning and social competence
in childhood and adolescence [11, 12]. Antenatal anxiety
is associated with an increased risk of low birth weight
[13] and increased risk of attention and hyperactivity
problems, as well as other behavioral and emotional
challenges, in childhood [14, 15].
The strongest risk factor for antenatal depression
and anxiety is a history of depression and/or anxiety
prior to pregnancy [16]. About 20% of women with a
history of depression prior to pregnancy experience
recurrent major depression during pregnancy or
postpartum, and 56% of women with anxiety prior to
pregnancy experience anxiety in this period. Among
women with comorbid depression and anxiety prior to
pregnancy, 29% report a recurrent major depressive
episode, and as many as 63% experience anxiety during
pregnancy and the postpartum period [16].
The major challenges outlined have led to both national
and international guidelines recommending a coordinated
care plan for this group of pregnant women [17, 18]. This
plan is recommended to include screening and treatment
for depression and anxiety as part of routine antenatal
care, including interdisciplinary and intersectoral team-
work with obstetricians, psychiatrists, psychologists, social
workers, nurses, and midwives [17, 18].
Randomized studies have shown that exercise among
clinically depressed patients has a positive effect on signs
of depression and anxiety [19]. However, until now, in
very few studies have researchers examined the effects of
exercise in the prevention of or treatment for symptoms
of depression and anxiety among pregnant women.
According to a meta-analysis by Daley et al. [20], there
is some evidence that exercise may be effective in treat-
ing antenatal depression, but as the authors point out,
this conclusion is based on trials with low to moderate
methodological quality and on a small meta-analysis
sample size. Their meta-analysis also concluded that
more high-quality trials are needed to examine whether
exercise is effective in treating signs of depression during
pregnancy.
The Effect of Group Exercise on Mental Wellbeing
among Pregnant Women at Risk of Perinatal Depression
trial (EWE Study) is a large randomized controlled trial
(RCT) using supervised exercise in groups twice weekly
for 12 weeks as an intervention for pregnant women at
risk of depression and anxiety. The intervention period
is 12 weeks because a major meta-analysis based on 49
studies of exercise and depression found that a training
period of 10–16 weeks had the best effect on symptoms
of depression [19]. Supervised exercise in groups was
chosen because pregnant women experience a sense of
security when they exercise together in professionally
led sessions where the professional can monitor the ex-
tent of the physical exercise and provide guidance [21].
Objective
The aim of this RCT is to assess whether a supervised
group exercise intervention increases psychological well-
being in pregnant women with a current or previous his-
tory of depression and/or anxiety. This paper describes
the design of the study.
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Methods/design
Study design
The EWE Study is a parallel-group RCT designed to
evaluate the effect of supervised exercise in groups on
psychological well-being among pregnant women with a
current or previous history of depression and/or anxiety.
The EWE Study was designed in accordance with the
Consolidated Standards of Reporting Trials (CONSORT)
recommendation for RCTs [22] and with the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT) guidelines for reporting trial protocols
(Additional file 1) [23].
Study setting
Participants will be recruited among pregnant women
attending antenatal care at the Department of Obstet-
rics, Rigshospitalet, Copenhagen University Hospital,
Copenhagen, Denmark. This hospital serves as a primary
birth facility for women from the city of Copenhagen, as
well as being a tertiary referral center, with 5672 deliveries
in 2015. The intervention will take place at Rigshospitalet,
Copenhagen University Hospital.
Inclusion criteria
Eligible participants will be pregnant women ≥18 years
of age with depression and/or anxiety requiring treat-
ment by a psychiatrist or a psychologist within the last
10 years and/or intake of antidepressants in the 3 months
prior to conception and/or during pregnancy. The
women must have appropriate Danish-language skills, be
pregnant with a single fetus, give written informed
consent, and be at 17–22 gestational weeks when the
intervention begins. Pregnant women who fulfill the in-
clusion criteria but have a chronic disease are included
in the study only after prior agreement with an obstetri-
cian. Chronic disease refers to a diagnosis where signs,
symptoms, and treatment imply an expected long
duration and lack of cure, such as certain types of heart
disease and diabetes [24].
Depression in this study covers the Diagnostic and Stat-
istical Manual of Mental Disorders, Fifth Edition (DSM-
5), criteria of disruptive mood dysregulation disorder,
major depressive disorder, persistent depressive disorder
(dysthymia), bipolar disorder, and unspecified depressive
disorder [25]. Anxiety in this study covers the DSM-5
criteria of separation anxiety disorder, specific phobia,
social anxiety disorder, panic disorder, agoraphobia, gener-
alized anxiety disorder, and obsessive compulsive and
related disorders [25].
Exclusion criteria
Potential participants will be excluded from participation
for the following reasons: age <18 years, multiple preg-
nancies, substance abuse problems, eating disorders,
pelvic girdle syndrome (diagnosed by a physiotherapist or
medical doctor) in the current or a previous pregnancy, fetal
malformations (diagnosed by ultrasound), fetal chromo-
somal disorder, or severe obstetric or medical complications.
Withdrawal
Participants will be withdrawn from the study after
randomization if they meet one or more of the following
criteria: an occurrence of pelvic instability, preeclampsia,
vaginal bleeding, or symptoms of preterm labor contra-
indicating physical activity.
Recruitment procedure
As part of standard antenatal care, two midwives respon-
sible for coordinating antenatal mental health care at the
Department of Obstetrics, Rigshospitalet, Copenhagen
University Hospital, will contact all pregnant women with
current or previous mental health problems by telephone.
Women considered eligible for the EWE Study will be
made aware of the study and their opportunity to partici-
pate. Women showing interest in participating in the
study and who give verbal consent to receive written
information will be sent an invitation with a detailed
description of the study. Approximately 2 weeks after the
information has been sent, a research midwife will contact
the women by telephone to ensure the invitation has been
received and to answer preliminary questions. Women
who are interested in further information about the study
will be invited to a face-to-face meeting with a research
midwife at the Department of Obstetrics, Rigshospitalet,
Copenhagen University Hospital. At this meeting, the
women will receive more information about the study and
will have the opportunity to ask questions. If the women
decide to participate, the baseline questionnaire will be
completed, hand grip strength test will be measured by a
North Coast Hydraulic Hand Dynamometer (North Coast
Medical, Gilroy, CA, USA) [26], and randomization will
be carried out (see Fig. 1). The participants will be ran-
domly assigned to either the intervention or the control
group in a ratio of 1:1.
Randomization
Simple randomization will be performed on the Internet
by a project midwife. The randomization code will be
generated by a specially designed computer program
(Lucidity Software, Melbourne, Australia) in cooperation
with the Department of Clinical Medicine, The University
of Aarhus, Aarhus C, Denmark.
Blinding
Because of the nature of the intervention in this RCT,
double-blinding is not possible. The statistician perform-
ing the statistical analyses will be blinded to intervention
or the control group allocation.
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Sample size estimation
The sample size estimation is based on the primary
outcome—psychological well-being—measured by the
WHO (Five) Well-being Index (WHO-5) [27]. A sample
size calculation was carried out to detect a 10-point
higher score on the WHO-5 at 29–34 weeks of gestation
in the intervention group compared with the control
group. A 10-point difference in the WHO-5 score be-
tween the intervention and control groups is considered
clinically significant [28, 29], and an SD of 16 was used.
This SD is based on a previous assessment of the WHO-
5 score in a population of 3970 pregnant women with
and without mental disorders measured at 10–12 weeks
of gestation in the total population of pregnant women
at Rigshospitalet, Copenhagen University Hospital. This
SD value (16 points) was used in the sample size
calculation because we did not have an SD in the WHO-
5 score measured at 29–34 weeks at our disposal. We
expect 50% of the participants to follow the program for
at least 75% of the sessions (high participation, 19–24
sessions), whereas 35% will participate in 50% to 75% of
the sessions (moderate participation, 12–18 sessions)
and 15% will engage in less than half of the sessions (low
participation). We expect high participation in the exer-
cise intervention to lead to an increase of 10 points in
the WHO-5 score, moderate participation to lead to an
increase of 7 points, and low participation to lead to an
increase of 2 points compared with the control group.
This will lead to the intervention group’s having an
average value 7.75 points (0.50 × 10 + 0.35 × 7 + 0.15 × 2)
higher than that of the control group at 29–34 weeks of
gestation. With a power of 90% and a two-sided
Fig. 1 The expected flow diagram of progress through the study
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significance level of 5%, a difference in well-being level
of 7.75 points (SD 16) in the two groups at 29–34 weeks
of gestation can be detected by a two-sample t test with
91 patients in each group.
We expect that it will be necessary to include a total of
300 pregnant women because we anticipate that 13% (20
women) in each group will drop out as a result of discom-
fort or complications related to pregnancy and that 39
women (30%) of the remaining 131 participants in each
group will not answer the questionnaire at 29–34 weeks
of gestation, leaving 91 participants in each group.
Intervention group
The intervention group will be offered an exercise program
delivered to groups of 10–12 pregnant women at the hos-
pital twice weekly for 12 weeks from baseline (17–22
weeks of gestation) in addition to standard antenatal care
as described for the control group. The exercise program
(see Table 1) will be carried out in accordance with the
Danish national recommendations for exercise during
pregnancy [30] and developed by physiotherapists from
Rigshospitalet, Copenhagen University Hospital, who will
also supervise the exercise sessions. The duration of a
session will be 70 minutes, and one session will consist of a
10-minute warm-up (Borg scale 7–10); 20 minutes of en-
durance training on exercise bikes, treadmills, or cross-
trainers (Borg scale 11–15); 25 minutes of strength training
(back, abdomen, thighs, arms, and pelvic floor); and 15 -
minutes of stretching and relaxation (Borg scale 6) [31, 32].
The participating women’s general practitioners will be
informed about the intervention and will be encouraged
to support them to continue participating in the exercise
program. Furthermore, a weekly supportive email will be
sent to the participants to increase compliance, and the
participants in both groups will be informed that they
can contact the research group if they have questions
related to the trial.
Control group
Women in the intervention group as well as those in the
control group will be offered the standard antenatal care
for pregnant women with a current or previous history
Table 1 Intervention group exercise program
Duration Intervention Description of exercise Load
10 minutes Warm-up
Up to each teacher Has to include:
• Light cardiovascular exercise
• Mobilization of shoulder/back/pelvis
Examples:
Neck stretching: standing in a circle, perform shoulder
rotations and elevations
Exercise of low intensity
Walking in a circle: forward, backward, and sideways
Shoulder/spine/pelvic mobility
1. Arm swings (one arm + both arms)
2. Arm swings in a kayak-paddling motion
3. Lateral flexions
4. Pelvic tilts (anterior, posterior, bilateral, figure eights)
5. On all fours, flexion/extension of the spine to find the
neutral position
Borg Scale 7–10
20 minutes Endurance training Exercise bikes, treadmills, or cross-trainers Borg Scale 11–15
25 minutes Strength training
Pelvic floor
1. On all fours: elevation of the extremities to engage the
back and hamstrings; diagonal lift, 3 × 10 repetitions
followed by a 10-second isometric hold; there is a
short break after each isometric hold
2. Supine position: upper extremity flexion/extension to
strengthen the upper arms and pectoral muscles; 3 × 10
repetitions; 60-second break after each of the three sets
3. Squats: strengthening of the thighs and gluteal muscles;
3 × 12 repetitions; 60-second break after each of the
three sets
Supine position (or side-lying position if preferred)
1. Short muscle squeeze × 10
2. Squeeze held for 6–8 seconds × 20 with a 6- to 8-second
break between each squeeze
3. Squeeze held for 30 seconds × 2 with a 15-second break
between each squeeze
60–70% of one-repetition
maximum endurance
15 minutes Stretching and relaxation
Up to each teacher Has to include:
• Breathing exercises
• Relaxation
• Stretching
Example:
Relaxation compact disc or verbal guiding with emphasis
on breathing; approximately 5 minutes
Stretching of the big muscle groups:
• Pectoralis major
• Gluteus maximus
• Quadriceps
• Triceps surae
Borg Scale 6
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of depression and/or anxiety. Standard care for this
group covers a coordinated program including more
frequent and lengthier prenatal consultations with spe-
cialized midwives and obstetricians who have particular
experience with pregnancy and mental disorders. If the
pregnant women are treated with antidepressants,
additional ultrasound scans to assess fetal growth will be
recommended. The specialized midwife coordinates the
teamwork with obstetricians, psychiatrists, psychologists,
social workers, and nurses.
Outcome measures
Data will be obtained at baseline and four times during
the study period: at 17–22 weeks of gestation (T1), at
29–34 weeks of gestation (T2), 2 weeks after delivery
(T3), and 2 months after delivery (T4). The SPIRIT
figure (see Fig. 2) provides an overview of the outcome
measures used in the trial and their time points. The
participants will fill out the first electronic questionnaire
at the face-to-face meeting where randomization takes
place, and they will receive a link to the two following
questionnaires (T2, T4) by email. Prior to the data col-
lection, an email is sent to the participants reminding
them of the upcoming data collection.
Primary outcome
Psychological well-being, the primary outcome, will be
measured by the WHO-5 score. The WHO-5 is a short
generic rating scale measuring general subjective current
(the last 2 weeks) psychological well-being [27]. The
questionnaire has five items and covers positive mood
(feeling in good spirits), vitality (being active and waking
Fig. 2 Consolidated Standards of Reporting Trials (CONSORT) showing time points of enrollment, intervention, and outcome measures
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up feeling refreshed and well-rested), and being interested
in things [33]. It contains five positively phrased items;
each item is scored on a Likert scale (0 = none of the time
and 5 = all of the time). The raw score ranges from 0
(absence of well-being) to 25 (maximal well-being) and is
multiplied by a factor of 4 to give a scale ranging from 0
to 100, where a score of 0 is the lowest possible well-being
and a score of 100 is the highest possible well-being [27].
WHO-5 has high clinimetric validity, and it can be used
as an outcome measure in clinical trials in addition to a
clinical screening tool for depression [27].
Secondary outcomes
Five secondary outcomes will be measured:
1. Symptoms of depression, defined as a cutoff
score ≥13 and a cutoff score ≥10 measured by
the Edinburgh Postnatal Depression Scale (EPDS).
EPDS is a self-reported questionnaire measuring
depression and consisting of 10 items scored on a
4-point Likert scale (0–3). The scale addresses the
intensity of common depressive symptoms within
the previous 7 days, where 0 indicates absence of
depressed mood and 3 indicates the worst mood.
The lowest score is 0, and the highest score is 30.
According to some literature, a cutoff score
≥13 indicates an increased likelihood of clinical
depression [34, 35], whereas other studies suggest
a cutoff score ≥10 to minimize the risk of failed
detection of cases [35]. To meet the findings in
previous studies, we will use two cutoff scores,
≥13 and ≥10, in our statistical analysis. The EPDS
has been validated for the detection of antenatal
and postpartum depression [34–36] and has
previously been translated into Danish and
then back-translated to check that the questions
elicited the intended information [37].
2. Functional ability, measured by the 12-item
General Health Questionnaire (GHQ-12). The
GHQ-12 is used to measure psychological well-being
in adults over the previous 2 weeks [38]. The GHQ-12
screens for symptoms common to any nonpsychotic
disorders and is focused on two areas: the inability to
carry out normal functions and the appearance of new
and distressing psychological phenomena [38]. The
GHQ-12 contains 12 items, and the total score of the
GHQ-12 varies from 0 to 36 using a 4-point Likert
scale (0–3) [39].
3. Clinical symptoms of anxiety, measured by the
State-Trait Anxiety Inventory (STAI). The STAI has
previously been used for pregnant women [40]. It
consists of 40 items, but only the state scale of the
inventory will be used in this study, because the
state scale measures symptoms of anxiety as anxiety
is defined according to DSM-5 [41]. The 20 items
concerning state anxiety are scored on a 4-point
Likert scale and indicate how well the participant
is feeling today (1 = not at all, 2 = somewhat, 3 =
moderately so, and 4 = very much so). The total
score for state anxiety ranges from 20 to 80. This
inventory has been reported to have a high degree
of internal consistency and validity [42]. We have
chosen to cite the original version of the STAI
because this is recommended by leading Danish
experts in the field.
4. Sleep quality and sleep disturbances, measured by
the Pittsburgh Sleep Quality Index (PSQI). The
PSQI is a subjective scale measuring sleep quality
and sleep disturbances over a 1-month period [43].
The scale addresses quantitative aspects of sleep,
such as sleep latency and sleep duration, as well as
more subjective aspects, such as restfulness of sleep
[43]. Overall sleep quality is measured by means
of 19 questions, and the total score is based on 7
“component” scores, each of which has a range
of 0–3 points. A score of 0 indicates no difficulty,
whereas a score of 3 indicates severe difficulty.
The sum of the component scores results in a
“global” score ranging from 0 to 21 points, where 21
indicates severe sleep problems. The PSQI has been
found to be useful in pregnancy research, and good
internal consistency and construct validity have been
reported [44].
5. Pregnancy and delivery outcomes, comprising sick
leave (measured in days), hospitalization (measured
in number of hospital admissions and days), labor
onset (spontaneous or induced), use of epidural
anesthesia during delivery (yes or no), duration of
labor (measured in hours), mode of delivery
(percentage of participants with spontaneous
delivery, vacuum extraction, or cesarean section),
birthweight (measured in kilograms), and birth
length (measured in centimeters). This information
will be obtained from patient records.
Data analysis
The primary data analysis will be performed on the basis
of the intention-to-treat principle. We will compare
baseline data for the two groups with Student’s t test,
the chi-square test, or nonparametric tests. It is antici-
pated that a large proportion of values for the outcome
variable will be missing, owing to dropout and nonre-
sponse to the questionnaire. These data will be assumed
missing at random, and therefore observed patient char-
acteristics will be used to impute missing data by means
of multiple imputation. Because it is expected that there
will be a dropout rate of 13% (20 women) in each group
and that some women will participate in the group
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training only a few times, in addition to the intention-to-
treat analyses, we will perform a per-protocol analysis of
the women who perform ≥75% of all training sessions.
Pilot study
Before initiating a full-scale trial, a pilot study with 20
participants was conducted from April to June 2016.
This was done to examine the recruitment procedure,
dropout rates, and acceptability of and compliance with
the exercise program and the questionnaires [45]. The
experiences of the participants and key health care pro-
fessionals involved in the project were registered and
evaluated. The proportion of pregnant women eligible
for participation in the study and who wished to partici-
pate were as expected, and we therefore expect to be
able to recruit the needed 300 participants according to
the study power calculation. Compliance among the nine
pregnant women in the intervention group participating
in the pilot study was acceptable. The pilot study led to
minor changes. Hand grip strength measurement (by
North Coast Hydraulic Hand Dynamometer) was in-
cluded at baseline to provide an objective measure of
total muscle strength [26]. The STAI was added to the
questionnaires because a large proportion of the partici-
pants had anxiety prior to pregnancy; use of a specific
measure of anxiety is therefore relevant. Furthermore,
the PSQI was added to the questionnaires because par-
ticipants reported that their quality of sleep had im-
proved during the intervention period. Finally, at the
request of the participants, the exercise intervention was
adjusted so that it is possible to choose between tread-
mills and cross-trainers in addition to exercise bikes
during the endurance training part of the intervention,
instead of exercise bikes being the only option.
Discussion
Antenatal depression and anxiety are associated with
adverse complications such as preterm birth, which is a
leading cause of infant morbidity [6], and result in emo-
tional suffering for many pregnant women. The ante-
natal period theoretically offers an opportunity to
implement preventive and effective interventions for
pregnant women with mental illness and thereby reduce
adverse outcomes and promote health for women and
children. The EWE Study is therefore a highly relevant
study and is, to our knowledge, the largest RCT
designed to evaluate the effectiveness of supervised exer-
cise in groups for improving psychological well-being
among pregnant women at risk of depression. In
addition to the large sample size, postnatal follow-up
data will be provided, intention-to-treat analysis will be
carried out, and the statistician performing the statistical
analyses will be blinded to the allocation to the interven-
tion or control group. Furthermore, baseline data will be
collected to allow a comparison of the two groups,
attendance at exercise classes will be documented, and
data on safety and adverse events in the intervention
group will be reported. These elements have been
pointed out by authors of a meta-analysis as missing in
previous RCTs on the topic [20]. The strongest risk fac-
tor for depression and anxiety during pregnancy or after
delivery is a history of depression or anxiety prior to
pregnancy [16]. It is therefore relevant to look at both
diagnoses to improve psychological well-being among
pregnant women at risk of depression. One study
showed that depressive disorders and anxiety can be ac-
companied by a tendency for passivity and withdrawal,
which may affect compliance [46]. However, a Danish
study showed that the pregnant population attending
Rigshospitalet, Copenhagen University Hospital, has a
high proportion of well-educated women [47], who are
associated with a high engagement in exercise [47];
therefore, we expect that compliance is in line with our
expectations regarding this study population. This was
also supported by the experiences in the pilot study. If
proven effective, the intervention will offer a way for
pregnant women at risk of depression or anxiety to
actively do something to increase their physical and
psychological well-being. The intervention is expected to
be acceptable, feasible, cost-effective, and applicable, as
well as being complementary to the existing antenatal
care provided for this group of women.
To conclude, we have described a protocol for an RCT
aimed at evaluating whether supervised exercise in
groups for pregnant women with a current or previous
history of depression and/or anxiety improves psycho-
logical well-being during pregnancy. The results will
provide evidence useful for the organization of care for
pregnant women and their families.
Trial status
Participants are currently being recruited into the EWE
Study. The recruitment period is estimated to run from July
2016 to December 2018, with follow-up until March 2019.
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Abbreviations
CONSORT: Consolidated Standards of Reporting Trials; DSM-5: Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition; EPDS: Edinburgh Postnatal
Depression Scale; EWE: Effect of Group Exercise on Mental Wellbeing Among
Pregnant Women at Risk of Perinatal Depression trial; GHQ-12: General
Health Questionnaire; PSQI: Pittsburgh Sleep Quality Index; RCT: Randomized
controlled trial; SPIRIT: Standard Protocol Items: Recommendations for
Interventional Trials; STAI: State-Trait Anxiety Inventory; WHO: World Health
Organization; WHO-5: WHO (Five) Well-being Index
Broberg et al. Trials  (2017) 18:210 Page 8 of 10
Acknowledgements
We are grateful to our sponsors; the study participants; the Clinic of
Occupational Therapy and Physiotherapy, Rigshospitalet, Copenhagen
University Hospital, for developing the exercise program and for their
dedication and high professionalism; and midwife Michelle Skop Kolls,
Department of Obstetrics, Rigshospitalet, Copenhagen University Hospital,
Denmark, for playing a crucial role in relation to the inclusion of participants.
Funding
This article presents independent research funded by the Danish foundation
TrygFonden (reference number 110711) and Rigshospitalet, Copenhagen
University Hospital (reference number E-22316-02). The sponsor and funding
body did not have any role in the design of the study or in the writing of
the manuscript for publication and will not contribute to the collection,
analysis, or interpretation of the data.
Availability of data and materials
Data sharing is not applicable to this article, because no datasets were
generated or analyzed during the present study.
Authors’ contributions
HKH is the chief investigator of the EWE Study. HKH designed the trial and
coordinated the main preparation of study documents and the funding
application. LB, PD, AT, MB, PB, and HKH contributed to the funding
application and the study design. PB provided expertise in psychometry. LB
wrote the first draft of the manuscript. All authors read and reviewed study
documents, participated in the preparation of the manuscript, and read and
approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The Danish Data Protection Agency (journal number 2012-58-0004) and
the ethics committee of the capital region of Denmark approved the trial
protocol (journal number H-15019905), which qualified for registration in
the ClinicalTrials.gov database (identifier NCT02833519). Exercise during
pregnancy is recommended by national and international guidelines
[30, 48], which is why it is considered ethically acceptable to offer the
participants exercise in groups as an intervention. After verbal and written
information is given to potential subjects, informed consent to participate
will be obtained. All risk or safety issues will be reported to the principal
investigator, who will take any necessary further steps.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Research Unit Women’s and Children’s Health, Juliane Marie Centre for
Women, Children and Reproduction, Copenhagen University Hospital,
Rigshospitalet, Copenhagen, Denmark. 2Department of Obstetrics,
Copenhagen University Hospital, Rigshospitalet, Blegdamsvej 9, 2100
Copenhagen, Denmark. 3Institute of Clinical Medicine, Faculty of Health and
Medical Sciences, University of Copenhagen, Copenhagen, Denmark.
4Psychiatric Research Unit, Psychiatric Centre North Zealand, Copenhagen
University Hospital, Hillerød, Denmark. 5Center of Fetal Medicine, Department
of Obstetrics, Copenhagen University Hospital, Rigshospitalet, Copenhagen,
Denmark. 6Department of Health Sciences, Faculty of Medicine, Lund
University, Lund, Sweden.
Received: 27 October 2016 Accepted: 11 April 2017
References
1. World Health Organization (WHO). Prevention and promotion in mental
health. Geneva: WHO; 2002.
2. Prince M, Patel V, Saxena S, Maj M, Maselko J, Phillips MR, et al. No health without
mental health. Lancet. 2007;370:859–77. doi:10.1016/S0140-6736(07)61238-0.
3. Department of Reproductive Health and Research, World Health
Organization (WHO). Maternal mental health and child health and
development in resource-constrained settings. Report of a UNFPA/WHO
international expert meeting: the interface between reproductive health
and mental health. Hanoi, Vietnam, 21–23 June 2007. Geneva: WHO; 2009.
4. Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T.
Perinatal depression: a systematic review of prevalence and incidence. Obstet
Gynecol. 2005;106:1071–83. doi:10.1097/01.AOG.0000183597.31630.db.
5. Goodman JH, Chenausky KL, Freeman MP. Anxiety disorders during
pregnancy: a systematic review. J Clin Psychiatry. 2014;75:e1153–84. doi:10.
4088/JCP.14r09035.
6. Grigoriadis S, VonderPorten EH, Mamisashvili L, Tomlinson G, Dennis CL,
Koren G, et al. The impact of maternal depression during pregnancy on
perinatal outcomes: a systematic review and meta-analysis. J Clin Psychiatry.
2013;74:e321–41. doi:10.4088/JCP.12r07968.
7. Leigh B, Milgrom J. Risk factors for antenatal depression, postnatal
depression and parenting stress. BMC Psychiatry. 2008;8:24. doi:10.1186/
1471-244X-8-24.
8. Field T, Diego M, Hernandez-Reif M. Depressed mothers’ infants are less
responsive to faces and voices. Infant Behav Dev. 2009;32:239–44. doi:10.
1016/j.infbeh.2009.03.005.
9. Pearson RM, Cooper RM, Penton-Voak IS, Lightman SL, Evans J. Depressive
symptoms in early pregnancy disrupt attentional processing of infant
emotion. Psychol Med. 2010;40:621–31. doi:10.1017/S0033291709990961.
10. Deave T, Heron J, Evans J, Emond A. The impact of maternal depression in
pregnancy on early child development. BJOG. 2008;115:1043–51.
doi:10.1111/j.1471-0528.2008.01752.x.
11. Luoma I, Kaukonen P, Mäntymaa M, Puura K, Tamminen T, Salmelin R. A
longitudinal study of maternal depressive symptoms, negative expectations
and perceptions of child problems. Child Psychiatry Hum Dev. 2004;35:37–53.
12. Luoma I, Tamminen T, Kaukonen P, Laippala P, Puura K, Salmelin R, et al.
Longitudinal study of maternal depressive symptoms and child well-being.
J Am Acad Child Adolesc Psychiatry. 2001;40:1367–74. doi:10.1097/
00004583-200112000-00006.
13. Ding XX, Wu YL, Xu SJ, Zhu RP, Jia XM, Zhang SF, et al. Maternal anxiety
during pregnancy and adverse birth outcomes: a systematic review and
meta-analysis of prospective cohort studies. J Affect Disord. 2014;159:103–
10. doi:10.1016/j.jad.2014.02.027.
14. O’Connor TG, Heron J, Golding J, Beveridge M, Glover V. Maternal antenatal
anxiety and children’s behavioural/emotional problems at 4 years: report
from the Avon Longitudinal Study of Parents and Children. Br J Psychiatry J
Ment Sci. 2002;180:502–8.
15. O’Connor TG, Heron J, Golding J, Glover V, ALSPAC Study Team. Maternal
antenatal anxiety and behavioural/emotional problems in children: a test of
a programming hypothesis. J Child Psychol Psychiatry. 2003;44:1025–36.
16. Martini J, Petzoldt J, Einsle F, Beesdo-Baum K, Höfler M, Wittchen HU. Risk
factors and course patterns of anxiety and depressive disorders during
pregnancy and after delivery: a prospective-longitudinal study. J Affect
Disord. 2015;175:385–95. doi:10.1016/j.jad.2015.01.012.
17. Danish Health and Medicines Authority. Recommendations for prenatal care.
2nd ed. Copenhagen: The Danish Health and Medicines Authority; 2013.
18. National Institute for Health and Care Excellence (NICE). Antenatal and
postnatal mental health: clinical management and service guidance. Clinical
guideline [CG192]. London: NICE; December 2014 [last updated June 2015].
https://www.nice.org.uk/guidance/cg192/chapter/1-recommendations.
Accessed 10 May 2016.
19. Rethorst CD, Wipfli BM, Landers DM. The antidepressive effects of exercise: a
meta-analysis of randomized trials. Sports Med. 2009;39:491–511.
20. Daley AJ, Foster L, Long G, Palmer C, Robinson O, Walmsley H, et al. The
effectiveness of exercise for the prevention and treatment of antenatal
depression: systematic review with meta-analysis. BJOG. 2015;122:57–62.
doi:10.1111/1471-0528.12909.
21. Hegaard HK, Kjaergaard H, Damm PP, Petersson K, Dykes AK. Experiences of
physical activity during pregnancy in Danish nulliparous women with a
physically active life before pregnancy: a qualitative study. BMC Pregnancy
Childbirth. 2010;10:33. doi:10.1186/1471-2393-10-33.
22. Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B, et al.
Improving the reporting of pragmatic trials: an extension of the CONSORT
statement. BMJ. 2008;337:a2390.
Broberg et al. Trials  (2017) 18:210 Page 9 of 10
23. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et
al. SPIRIT 2013 statement: defining standard protocol items for clinical trials.
Ann Intern Med. 2013;158:200–7. doi:10.7326/0003-4819-158-3-201302050-
00583.
24. Martin CM. Chronic disease and illness care: adding principles of family
medicine to address ongoing health system redesign. Can Fam Physician.
2007;53:2086–91.
25. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Washington, DC: American Psychiatric Press; 2013.
26. Wind AE, Takken T, Helders PJM, Engelbert RHH. Is grip strength a predictor
for total muscle strength in healthy children, adolescents, and young
adults? Eur J Pediatr. 2010;169:281–7. doi:10.1007/s00431-009-1010-4.
27. Topp CW, Oestergaard SD, Soendergaard S, Bech P. The WHO-5 Well-being
Index: a systematic review of the literature. Psychother Psychosom. 2015;84:
167–76. doi:10.1159/000376585.
28. Ware Jr JE, Sherbourne CD. The MOS 36-item Short-Form Health Survey (SF-
36). I. Conceptual framework and item selection. Med Care. 1992;30:473–83.
29. Bech P, Lunde M, Bech-Andersen G, Lindberg L, Martiny K. Psychiatric
outcome studies (POS): does treatment help the patients? A Popperian
approach to research in clinical psychiatry. Nord J Psychiatry. 2007;61 Suppl
46:4–34. doi:10.1080/08039480601151238.
30. Danish Health Authority. Physical activity: recommendations for pregnant
women. Copenhagen: Author; 2016.
31. Borg G. Borg’s perceived exertion and pain scales. Champaign: Human
Kinetics; 1998.
32. Borg G, Borg E. The Borg CR Scales® Folder. Hasselby: Borg Perception; 2010.
33. McDowell I. Measures of self-perceived well-being. J Psychosom Res. 2010;
69:69–79. doi:10.1016/j.jpsychores.2009.07.002.
34. Glaze R, Cox JL. Validation of a computerised version of the 10-item (self-
rating) Edinburgh Postnatal Depression Scale. J Affect Disord. 1991;22:73–7.
35. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression:
development of the 10-item Edinburgh Postnatal Depression Scale. Br J
Psychiatry. 1987;150:782–6.
36. Tendais I, Costa R, Conde A, Figueiredo B. Screening for depression and
anxiety disorders from pregnancy to postpartum with the EPDS and STAI.
Span J Psychol. 2014;17:E7. doi:10.1017/sjp.2014.7.
37. Nielsen Forman D, Videbech P, Hedegaard M, Dalby Salvig J, Secher NJ.
Postpartum depression: identification of women at risk. BJOG. 2000;107:
1210–7.
38. Goldberg D, Williams P. A user’s guide to the General Health Questionnaire.
Windsor: National Foundation for Educational Research (NFER)-Nelson; 1991.
39. Cano A, Sprafkin RP, Scaturo DJ, Lantinga LJ, Fiese BH, Brand F.
Mental health screening in primary care: a comparison of 3 brief
measures of psychological distress. Prim Care Companion J Clin
Psychiatry. 2001;3:206–10.
40. Da Costa D, Larouche J, Dritsa M, Brender W. Psychosocial correlates of
prepartum and postpartum depressed mood. J Affect Disord. 2000;59:31–40.
41. Bech P. Clinical psychometrics. 1st ed. Chichester: Wiley-Blackwell; 2012.
42. Spielberger CD, Gorsuch RL, Lushene RE. STAI manual for the State-Trait
Anxiety Inventory “self-evaluation 1uestionnaire”. Palo Alto: Consulting
Psychologists Press; 1970.
43. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28:193–213.
44. Skouteris H, Wertheim EH, Germano C, Paxton SJ, Milgrom J. Assessing sleep
during pregnancy: a study across two time points examining the Pittsburgh
Sleep Quality Index and associations with depressive symptoms. Womens
Health Issues. 2009;19:45–51. doi:10.1016/j.whi.2008.10.004.
45. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M.
Developing and evaluating complex interventions: the new Medical
Research Council guidance. BMJ. 2008:a1655. doi:10.1136/bmj.a1655.
46. Martinsen EW. Physical activity in the prevention and treatment of
anxiety and depression. Nord J Psychiatry. 2008;62 Suppl 47:25–9.
doi:10.1080/08039480802315640.
47. Broberg L, Ersbøll AS, Backhausen MG, Damm P, Tabor A, Hegaard HK.
Compliance with national recommendations for exercise during early
pregnancy in a Danish cohort. BMC Pregnancy Childbirth. 2015;15:317.
doi:10.1186/s12884-015-0756-0.
48. Committee on Obstetric Practice. Exercise during pregnancy and the
postpartum period. Number 267, January 2002. Int J Gynaecol Obstet.
2002;77:79–81.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Broberg et al. Trials  (2017) 18:210 Page 10 of 10
